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ENVIRONMENTAL RADIATION LEVELS IN CENTRAL FLORIBA’S
PHOSPHATE MINING DISTRICT '
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Environmental levels of radionuclides and gamma radiation were measured in two
communities localed near active phosphate mining areas in Florida. Activated carbon
canisters and alpha rrack detectors were used to measure indoor air levels of radon in
approximarely 100 privaie homes. Elevated levels of radon (> 4 picocuaries per liter
[pCi/L]) were detecred in 8 of 27 homes in a community built on reclaimed land thar
had been previvusly mined. In a nearby community built on unmined land, elevated
levels of radon were detected in 1 of 69 homes. All of the homes with elevated levels of
radon were built on concrete slabs. Owtdoor pamma radiation levely were significantly
greuter in the reclaimed area than in the unmined urea. Air particulates collected from
outdoor ambient air al three locations did net contain elevared levels of radionuclides.

i

INTRODUCTION

Large quantities of phosphate deposits are located in the “land-pebble district” of central Florida.
Surface mining of these deposits produces 75% of the nation®s phosphate production (USNWR,
1995). In many areas, previously mined land has been reclaimed for recreational, residential, and
other uses. ~

Naturally occurring uranium and its decay products are associated with these phosphate deposits. | -

One of the decay producits of the uranium-238 decay series is the radioactive gas, radon. Radon
can diffuse upwards through the s0il and enter homes and ather structures built over the deposits.
When radon decays it forms daughter products that readily attuch 1o gir-borne particulates, These
particulates can then be-inhaled and deposited in the lungs. When the rudon daughters decay,
they emit alpha particles that irradiate lung tissue. Thus, long-term exposure to elevated levels of
radon can increase a person’s risk of lung cancer (Pershagen et al., 1994),
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Phosphate inising practices, purticularly thuse nsed in the past, could have left significant quantilies
of uranium- and radivm-containing materials ut the surface (Rocssler et al., 1983). Houses built
on such material could be a increased risk for elevated levels of indoor it radon because of the
reduction in prowctive soil overburden. In 1983, researchers from the University of Florida
caucluded that, *... about 75% of the land produced by prescni-day mining and reclamation
practices would be satisfactory for unrestricted construction use, while about 25% would require
. reqmc.nons on type of construction or would require qpu,nal construction methods (Roesster et v
1., 1983).” :

Communily members have expressed concerns about the public health impact of human expusare
to huzardous substances in the environment in phosphate mining arcas in Polk County, Florida.
Beceause of these health conceras, the Agency for Toxic Substances and Disease Registry (ATSDR)
and the Polk County Public Health Unit - Radiological Health Section (PCPHU) investigated
environmental levels of radionuclides and gnmma radiation in two communities located near
active phosphate mining areas.

METHODS

Investigation Area : :

The town of Bradley (also known as Bradlcy Junctlun) and the nearby community of Rolling -

Hills are in an area where there has becn extensive phosphate mining. The houses in Rolling

Hills arc built on reclaimed Jand that was mined before 1971; in Bradley, the houses are built on

land that has never been mined (Report No.,1978). Large tracts of previously mined or reclaimed
“land surround both communities, and phosphate mining continues in the area.

Stall from ATSDR and the PCPHU went door-to-door o homes in Bradley and Rolling Iills
offering rcsidents free indoor air radon testing. Fach participant signed a consent form hefore
testing was conducicd,

Testing

Indoor Air. In March 1996, charcoal canisters were placed inside 109 houses in accordance with
U.S. Environmental Protection Agency (USEPA)-recommended protocols. The canisters had a
ditTusion burrier to mininize moisture uptake by the charcoal. To the extent possible, the canisters’
were placed in open living areas away from walls, windows, heat sources, and drafts. At the end
of a 7-day exposure period, the canisters were collected and sent by overnight mail to an USEPA-
listed laboratory (Alpha Energy Labs, Carrollton, Texas) for analysis,

Alpha-track detectors were also placed in houscs lo measure long-term indoor air radon levels,

The alpha-track detectors were placed in the same houses, at the same lime, and in the same

general arca as the charcoal canisters. After 6 nonths of exposure, the alpha-track detectors were

colleeted aad sent by overnight mail to an USEPA-listed laboratory for analysis (Alpha Energy
~ Labs, Carrollton, Texus),
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Outdoor Ambicnt Air: Ambiet air sumples were collected (o dnee residentisl lots Tocated near
previousty mined or vaclaimed arcas. In Bradley, two nir samples were coliecied (vom residential
yards that were adjacent o railrosd trucks and across [rom previously inined areas. In Rolling
Hills, one air sample was collected from-a residential yard that was adjacent to an area where
land was being graded as part of a reclamation cffort. A control (non-mining area) ambient air
sample was collected at the PCPHU oflice in Winter Haven, Florida.

Ateach location, a high-volume, 24-hour ambient air sample was collected through s glass fiber

. " filter, and the particulate matter trapped on the filter was analyzed for gross alpha. gross beta,
and selected gamma-emitting radionuclides. An activated carbon trap in the air trmn was tested
for ambient air radon levels.

Gamma Radiation. Ambient levels of indoor and outdoor gamma radiation were measured at a
random selection of houses where radon tests were conducted. Gamma radiation was measured
using a Ludlum Model 128 Survey Meter (Ludlum Measurements, Inc., Swectwalter, Texas)
calibraled for radium against & pressurized ionization chamber. Indoor and outdoor levels of
gamma radiation were measured at a height of 3 feet at 4 locations and averaged. In Rolling
Hills, 16 houses were surveyed; in Bradley, 12 houses were surveyed.

RESULTS

Indoor Air .

Activated carbon canisters were recovered from 106 of the 109 (97%) homes that were tested.
Indoor air levels of radon ranged from 0.0 w0 12.2 picocuries per liter (pCi/L). The average
indoor air radon level in Rolling Hills was 3.02 £ 3.52 pCi/l. (30 houses), and the average in
Bradley was 0.63 £ 0.76 pCi/L (76 houses). The median indoor air level in Rolling Hills was 1.5
pCi/l., and the median indoor air level in Bradley was 0.5 pCiL. . '

Alpha truck detectors were recovered from 96 of the 109 (88%) homcs that were tested. Indoor
air levels of radon ranged from 0.2 10 13.6 pCi/L. The average indoor air radon level in Rolling
Hills was 3.56  3.39 pCi/l. (27 houscs), and the average in Bradley was 0.73 + 0.75 pCi/L (69
houses). The median indoor air level in Rolling Hills was 1.8 pCi/L, and the median indoor air
level in Bradley was 0.5 pCi/L.

Outdonr Ambient Air
Table ] coatains the Jevels of radionuclides detected in air particulates and the radou levels in
outdaor amhient air.

Gununa Radiation

In Rolling Hills, the mean indoor and outdoor gamma radiation levels were {0 microRocnigens/
hour (UR/hr) and 13 uR/hr. respectively; in Bradley, the mean indoor and outdoor levels were
7 pR/Mr and 8 uR/Mr, respectively. The highest indoor level of gamma radiation detected in this
survey was 19 pR/hr, which was detected in one house in Rolling Hills.
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TARLKE {. Radionuclide Concentrations ((C/mY) in Qutdoor Amibicut Air

l.ocation  gross alphu ' "gru.\'s bels  Be-7  Cs-137  Rn-220 Ra. 222
14)) . azl Ta0+2 15060 <3 T <200 T 25%24
2 3t ' 1842 120 £ 60 <2 <110 65140
()] T2+ 131 60 40 <2 <4l 110+ 45
(4) 3x| 1442 60+ 30 <2 <20 3822

(fCi/m%y = femtocuries per cubic meter
(1) private residence. Bradicy

(2) psivaic residence, Rolling Hills

(3) private residence, Bradley

(4) control area, Winter Huven

DISCUSSION

Indoor Air :

Indoor air levels of radon were measured using both activated carbon canisters and alpha-track
detectors. A long-term test is a more accurate indicator of indoor.air radon levels than a short- .
term 1est is, because it averages out short-term fluctuations that can oceur as a result of climatic
changes and scasorial variations in ventilation in (he house. Therefore, the following discussion
is based on results of the long-term, alpha-track tests.

The average indoor air level of radon detected in homes in Rolling Hills was 3.55 pCi/L.; in
Bradley: the average level was 0.73 pCy/L. Using Wilcoxon's Sum of Ranks Test, the difference
herween the two communities was statistically significant (p < 0.002).

The USEPA and the U.S. Deparument of Health and Human Services recommend that actions be
tuken 10 Jower radon levels in homes tw below 4 pCi/L (USEPA, 1992). [n Rolling Hills, 8 of 27
houses tested (30%) had indoor air radon levels greater than 4 pCi/L. In Bradley, only 1 of 69
houses tested (1.5%) had an indoor air radon level that exceeded 4 pCi/l..

The reason for the differcnce between the two communities is not known, but it may he related to
the fact that houses in Rolling Hills are built on reclaimed land; whereas in Bradley, the land has
never been mined. The type of mining waste lefton the surface aller reclamation can significantly
affect radon levels in homes built on the land (Roessler et al., 1983). No information is uvailable
on the type or depth of mining wastes that remain at Rolling Hills.

Only one house in Bradlcy had an elevaled radon level. The owner of this house reported that fill
material had been brought in to fill low, marshy arcas on the lot belore the hause was built. Tt is
possible that the i1l material was mining wastes that contained radionuclides that are conwributing
to the clevated radon levels in this house. -
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The type ol house construction also influenced indoor air radon levels. All ol the houses with
racdon Jevels above 4 pCi/l. were built with slab-on-grade construction, In Rolling Hills, the
average radon concenation in a house with slab construction was 6.3.pCi/l. (12 houses), compared
with (.9 pCi/L (15 houses) in “uncoupled” houses (structures with crawl spaces or mobile homes).
The lower radon levels in uncoupled houses likely occur because the air space berween the
ground and floor allows for dilution and ventilation of radon as it escapes from the ground.

Outdoor Ambient Air .

Table 1 contains the levels of radionuclides detected in air particulates and the radon levels in
outdoor ambient air. The levels of radionuclides detected in air samples from the three residential
yards and the control area (Winter Haven) were similar and within normal background levels.
These levels do not pose a public health hazard.
Gamma Radiation -

[ndoor gamma radiation levels were less than or comparable to outdoor levels at all houses.

These results suggest that there was no significant gamma radiation from materials used in the.

construction of the houses. Outdoors, isolated “hot spots” with gamma radiation levels of up 1o
25 pR/hr were detected in some driveways. It is likely that the clevated gamma levels over the
driveway were derived from radionuclides that were present in mine wastes used in construcling
the driveway. Iheae hot spots in the driveways were not used in calculalmg the average outdoor
levels,

In Rolling Hills, the mean indoor and outdoor levels were 10 pR/hr and 13 pR/hr, respectively:
in Bradley. the mean indoor and cutdoor levels were 7 uR/hr and 8 pR/hr, respectively. Using
Wilcoxon's Sum of Ranks Test, the difference hetween outdoor gamma levels in Rolling Hills
und Bradley was statistically significant (p < 0.002). The higher gamma radiation levels in Rolling
Hills could result from the presence of phosphate mining wastes near the surface of the rcc,l.umcd

" land.

‘The ratio of the mean ouwdoor gamma radiation levels in Rolling Hills 10 Bradley was 1.6; the

ratio of the mean indoor radon levels in Rolling Hills to Bradley was 4.6. Therefore, radon levcls
in Rolling Hills were elevated proportionally more than the gamma radiation levels. This suggests
the higher radon levels in Rolling Hills could be due, in part, to greater soil gas permeablmy n
the reclaimed areas.

The State of Florida has recommended that gamma exposure rates for public exposure to naturally
occurring radioactivity in the eavironment should not exceed 20 wR/br in new homes, schools,

and commercial buildings (100-91, Florida Administrative Code). The highest indoor Jevel of

gamma radiation detected in this survey was 19 uR/r, which was detecied in one house in

Rolling Hills. Therefore, none of the indoor air gamma radiation levels detected in thls investjgation .

posc a public health hazard.
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